Specific cleavage of DNA at CG sites by Co(III) and Ni(II) desferal complexes  by Joshi, Rajendra R. & Ganesh, K.Nagappa
Volume 313, number 3, 303-306 FEBS 1 1738 
© 1992 Federation of European Bioelaemical Societies 00145793/92/$5.00 
November 1992 
Specific cleavage of DNA at CG sites by Co(III) and Ni(II) desferal 
complexes* 
Rajendra R. Joshi and K. Nagappa Ganesh 
Bio.organic Chemistry Unit, Dh,i.~'ion of Organic Chemistry, Natiottal Chemical Laboratory, Pane 411008, htdfa 
Received 21 Augttst 1992 
It is demonstrated that Co(Ill) and Ni(ll) complexes of defferal, a siderophore chelating dru~, show specificity for cleavage of DNA at CG sites. 
while the corresponding Cu(ll) complex cLeaves DNA sequences at both CG and AT sites. 
Defferal; DNA cleavage; Sequence ~p~.~ificity 
1. INTRODUCTION 
In recent years, there has been growing interest in 
interaction of metal complexes with nucleic acids and in 
particular for their ability o cleave DNA [1-5]. Some 
important nucleolytes are Ctt(lI)-OP [2], Fe(I1)-BLM 
[3], Fe(II)-EDTA [4], metalloporphyrins [5], Cu arid Co 
complexes of substituted phenanthrolines [6] and Ni(ll) 
complexes of azamacrocycles [7] and a tripeptide Gly- 
Gly-His [18]. These reagents cleave DNA either by oxi- 
dative degradation of deoxyribose moiety or by base 
modification, leading ultimately to strand scission. We 
have recently shown [9] that Cu(ll) 1, Co(Ill) 2 and 
Ni(II) 3 complexes of a sideroplaore chelating drug 
desferal cleave plasmid DNA, in contrast to the corre- 
sponding Fe(II) complex which is inert in DNA scission 
reaction. In this paper, by employing synthetic oligonu- 
cleotides, we demonstrate that while the Cu(II) complex 
of desferal has only rnarginal sequence preference for 
cleavage reactions (CG > AT), Co and Ni complexes 
cleave DNA only at CG sites and are inef/~etive at AT 
sites. 
2. MATERIALS AND METHODS 
The oligonuel~otides d(CG)9, d(AT),,, d(A~T~) and 
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d[(CG),,A,,T,(CG),] were synthesised on a Pharmacia Gene Assembler 
Plus (0.2 #tool) u~ingff-eyanoethyi phosphoramidite monomers, They 
were then purified by FPLC (Phamaacia) on a Mono-Q 5110 column 
(anion exchange) using the solvent system: Buffer A (10 mM aq. 
NaOH ÷ 0.1 M NaCI); Buffer B (I 0 mM aq. NaOH • 0.9 M NaCI) 
and desalted on NAP-10 (Pharmacia) column. The synthetic oli~onu- 
cleotides were 5'-end labelled [10] using T4 polynucleotide kinase (10 
units/200 pmoi) and [7-~:P]ATP (spec. act. 3000 ,ttCi/mmol). The la- 
beled DNA was precipitated by ethanol with Ihe help of carrier calf 
thymus DNA. The Ca. Co and Ni complexes of desferai (I-37 were 
prepared and purified as belbre [9]. The cleavage reactions were car- 
ried out usi,~g oligonuclcotides (8000 cpm) in tris buffer (10 raM) and 
~odium acetate (1.2 raM) and additional reactants depended on metal 
complex, with the following effective concentrations: (a)Cu.DFO (300 
#M). ME (0.5 raM), H,O~ 14 raM); (b) Co-DFO (150.,M), H:O.~ (4 
raM); (c) Ni-DFO (150#M), H,O, (4mM). The reactions were carried 
out by incubating the above mixture at 37°C for 30 rain followed by 
freezil~g :tt -20°C and dried on a Savant SpeedVac concentr, ttor. This 
was th,m loaded in formamidc/BromophenoL blue(51tl), either directly 
or after piperidi,te treatment ( 109 t11, 1 M, 90'~C, 30 miia), into different 
wells on 20% polyacrylamide g l for analysis by electrophore~i~ at 15 
mA, 400 V until the dye reael~ed about 75% oi" the gel length. Subse- 
quently the gels were visualised after autoradiography. 
HPLC analysis of cleavage reactions were done on C18 (reverse 
phase) column mine the solvent system: Buffer A (10% aeetonitrile in
~ H 2 
N 
[ / _  M / .~ 
ra \ 0 - - - - - - : - -  0... / 
(CHz)UC ~ H 
0 
I_M = CuII;2, M = Corn;3, M= NiU; 
Published by Elsevier Science Publishers B. V. 303 
Volume 313, number 3 
I I 
:, ..~.~ 
F~.::: !~ ;/.':"aY..A> 
;~C'L-~.'.:. :',~:" "'".':.?'i 
3 4 
!. I 
~/ . . .  . "7  , . . . . . .  ; :.. ~ . 
. . : . i ,  ~? '2:~ "~5" . "~¢~ ' : . :~- " • 
.>~'~j~'~". ~ .  ~:., 
FEBS LETTERS 
I 2 3 
I I 1 
+ 
' ' : "  " / '  :+~;. :i 
• . . . .  : . : '  . . .  : .  
. .  . .  • . . . . .  , 
• . . . . . . . .  
. . " .  : " " " " i ; : ,  
. .  . . . .  • 
. . ,  . ....~.. 
4 
t 
i.7 
. :  ~ , . .  
.,...:. 
. . . y .  
• .,..; , 
. .~..,, 
5 6 
I . I 
?: ,~.  
7 
I 
November 1992 
o b 
Fig, 1.20% PAGE autoradiogram of cleavage reactions d(CG)9 and d(AT)o with metallodesferals: (a) Lane 1, d(CG)9; lane 2, d(CG)9 .'~ Pip (1 M); 
lane 3, d(CG),j ÷ Cu-DFO (300,uM) ÷ ME (0,5 raM) ~- H2O~. (4 raM); lane 4, 3 ÷ Pip (I M), (b) Lane 1, d(AT),j; la,~e 2, d(AT)0 + Pip (1 M); lane 
3, d(AT)+ + Cu-DFO (300 ~tM) + ME (0.5 raM) + H2O~ (4 raM); lane 4, 3 ÷ Pip (1 M); lane 5, d(AT)9 + Co-DFO (150/aM) + H_,O, (4 mM); lane 
6, 5 + Pip (1 M); lane 7, d(AT)9 + Ni-DFO (150/aM) + H:O: (4 raM) + Pip (1 M). For experimental details see Materials and Methods. 
0.1 M TEAA) and Buffer B (15% acetoqitrile in 0.1 M TEAA); Gradi. 
ent (A to B in 20 rain, at B for 10 rain). 
3. RESULTS AND DISCUSSION 
3.1. Cleavage reactions with d(CG),, and (AT), oli- 
gonucleotides 
Fig. 1 shows the electrophoretic gel results of DNA 
cleavage reactions of d(CO),~ and d(AT)9 with Cu(II), 
Co(III), and Ni(II) complexes of desferal (1-3). Treat- 
ment of d(CG)9 (Fig. la) with Cu-DFO leads to initial 
cleavage fragments (lane 3), which on treatment with 
piperidine results in complete degradation (lane 4). 
Comparison of controls, lanes 1 and 2 (Fig. la and b) 
indicate that synthetic DNA is stable to piperidine 
under these conditions and the degradation seen (lane 
4, Fig. 1 a) is due to the f~ct that the initial products of 
the reaction are chemically modified and hence suscepti- 
ble to piperidine action. Both Co-DFO and Ni-DFO 
behaved similarly in reactions with d(CG),~., leading to 
full degradation of DNA after piperidine treatment (not 
shown). The optimum concentrations required for 
cleavage varies with the metal and was determined by 
changing the concentration of the metal complexes over 
a wide range of values (200/aM to 2 mM). It was also 
observed that the dinueleotide d(CG) and tetranucleo- 
tide d(CG)a failed to undergo cleavage with metal- 
Iodesferals while d(CG)a exhibited cleavage reactions. 
Fig. i b shows reactions of d(AT)9 with Ca, Co and 
Ni-DFO complexes under conditions aimilar to that 
with d(CG)9. While Cu-DFO treatment (lanes 3 and 4) 
led to efficient cleavage, it is seen that Co and Ni com- 
plexes (lanes 5-7) do not cleave d(AT)9 sequences even 
after piperidine treatment of the initial reaction prod- 
ucts. Thus Co and Ni complexes are inert to AT se- 
quences and show specificity towards cleavage of CG 
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FiB. 2. 20% PAGE autoradiogram o1' cieavase of d[(CG).~A~T.~(CG).+] 
with metallodesferals: Lane I, control DNA; lane 2, 1 + Pip (1 M); 
lane 3, 1 + Cn-DFO (300/aM) + ME (0.5 raM) + H~O.~ (4 raM); lane 
4., 3 '." r~:~ {, ~.  ,~  5, 1 + ,.O-D, ~, 
6, 5 + Pip (1 M); lane 7, 1 + Ni-DFO (i50/aM) + H~O2 (4 raM); lane 
8, 1 + Ctt(ll)-OP (170 :IM) + ME (0.5 raM) + H:O a (4 mM) + Pip 
(1 M). 
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sequences while Cu complex cleaves both CG and AT 
containing sequences. It may also be mentioned that 
while Cu-DFO reactions necessarily require a reducing 
agent (e.g. ME, DTT) to promote cleavage, Co and Ni 
complexes bring about scission under oxidative condi- 
tions. These facts may have important bearing on the 
possible mechanistic differences of cleavage reactions 
usin~ these complexes. 
3.2. Cleavage reactions with d[ (CG),,A,,T,,( CG),,] 
In view of the characteristic behaviour of Co and Ni 
complexes in promoting cleavage at CG sites and re- 
maining passive towards AT sites, cleavage reactions 
were performed on oligonucleotides containing mixed 
sequences. Fig. 2 shows eleetrophoretic analysis of 
cleavage reactions of d[(CG)2A~.T,_(CG),.] with Cu, Co 
and Ni-DFO complexes. As expected all three com- 
plexes were active in cleavage reactions (lanes 3-7). Al- 
though the cleavage patterns were similar, differences 
were noticed in relative intensities of product bands. In 
each ease, it is seen that piperidine treatment following 
the initial reaction with metallodesferal leads to further 
degradation i  a way similar t,.~ Lhat observed in d(CG), 
and d(AT),, sequences. The rea.:.'ion was most efficient 
in case of Cu-DFO which lee ~,-~stly to faster moving 
products on the gel (lane 4). ?:'r comparison, the pat- 
tern of products obtained from a similar cleavage reac- 
tion with Cu-phenanthroline ar  shown (lane 8). 
We also examined the cleavage reactions using 
HPLC. Fig. 3 shows HPLC profile of products obtained 
during cleavage reaction of d[CG)3A~T~(CG)3]. After 
t . 
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Fig. 3, HPLC analysis of cleavage reactions of d[(CG)~A~T~(CG)d 
with mctallodesferals: (A), DNA only; (B), A + Cu-DFO (300 
/.tM) + ME (0,5 mM) + H202 (4 raM). 
the cleavage r action with Cu-DFO° treatment with 
piperidine gave a number of low molecular weight prod- 
acts ( < 8 min), accompanied bya distinct peak at 14.2 
rain (Fig. 3B). This peak was collected and subjected to 
a DNase I treatment upon which only two peaks were 
seen. This pattern was similar to DNase I hydrolytic 
product of d(AAATTT), suggesting that the peak at 
14.2 rain is a direct cleavage product containing only A 
and T bases. These experiments clearly indicated a CG- 
associated preference in cleavage reactions promoted by 
DFO complexes. 
The results of cleavage experiments u ing well defined 
A B 
Fig, 4. Energy minimi~:l (DTMM software) structures of C-backbone of Ferrioxamin¢ B. The eo-ordinatez for tile ntrueture arc from [! I]. 
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synthetic oligonueleotides reported in this communica- 
tion demonstrate that metallodesferal complexes how 
an inherent preference for cleavage at CG sites. To 
understand the possible origin of specificity, we at- 
tempted molecular modelling of metallodesferal using 
DTMM software. The structure was generated from the 
co-ordinates of crystal structure of Ferrioxamine E [11], 
in which part of the structure was excised to transform 
it into Ferrioxamine B. The energy minimised structure 
(Fig. 4) shows interesting features. The two peptide 
groups are oriented trans, with their carbonyls along 
with the co-ordination carbonyls of hydroxamine resi- 
dues located on the same side of the molecule. The 
peptide hydrogens point away from the carbonyls on 
the opposite site. The interpeptide distance (~13 A) is 
roughly 4 times the average helix rise per residue in 
B-DNA, suggesting a possible geometrical fit based on 
hydrogen bonding between the peptide groups and nu- 
cleobases. The guanine N7 can also directly co-ordinate 
with the metal centre. Further studies are aimed to- 
wards understanding the molecular mechanism of 
cleavage using oligonucleotide-metallodesferal covalent 
conjugates. 
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